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STATUS REPCRT 16

This report is a brief deseription of the status of the work
on liquid metals for tne months of January, February and larch,
1953. Technical Heports will be submitted from time to time to
cover significant phases or sccomplishments in the program.

The outline for this report hes been changed in comparison
with previous reports in order te group similar experiments, thus
giving a botter arrangement tc the report sc 4%t may be more useful,

I HEAT TRAN

The above titled "Task" calls for the design, conastruction

and operation of liquid metal loops to deal with a high temperature
heat transfer system of 1000 KW energy transfeor capacity within the
temperature range of 1000°F to 1;50°F. Such an investigation, when
comnletad, would result in benefits to suppllers who design and
construct egquipment for a higher temperature snd longer life speei-
fications than hitherto required, an increase in the tachnclogy of
handling 1iquid metals a% higher tomperature and sn inerease in

the gersonnsl avaeilable to design and operats high temperature
1iqnid metal systems.

In order to carry out this task order with a fair degree of

"gfar specification" the following loop design specifications were
chogen.

1. A NsK loop oparating between a tamperature range of 1500-
1150°F will transfer heat from an o1l or gas flsme %o a
Ne system through suiteble heat exchangers.

2+ A Na loop operating between a temperature range of 1400-
1100°F will transfer the heat absorbed from the NaK loop
to an air sink until all components had been tested at
gpocified temperatures, pressures, etc,

3: The eir sink will be replaced with a water-steam loop
gFerating with 1000F feed wubter and groducing steam in
i@ range of 500 psi to 1200 gsi with superheat tempera-
tur: warying from 650 to 1000°F,

4, Capable pumps and suitable instruments, wvalves, ete, will
be provided for a good test.
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Progress on this task has proceeded to the point where most
of ths main itsems have been receivod and erection is taking place.
The rest of this ssction deals with the present statua and progress

during the last three mcnthks,

A. Dealen
e o Piping design has been completed for the alr cool-
system. Tkhis dosign includes stress analysis, pipe pre-

hoa:ing, leak detection, thormal insulation and pipe sup..
porvs.

2 %ng;%klgfzgn. Installation specifications wore written
or the NaX heater, intermediate heat exchanger, sodium
::gier, NeK pump, sodium pumn, flow meters and exnansion
Se

3. Eajg§a§z§§gu. The flow sheet for thc water system was fix-~
ed and some specifications werc written for componentse.

4, ;ngﬁﬁgeﬁngg. Specifications mere writtan for instruments
or e air cocled and water cooled systenms,

= Y Ilegillgnggia. Cold traps, sludge meters and a ligquid
me sarpling system were designed.
B. Loeinsering

1. Elning. With the completion of the stress analysis, all
equipment locationz are now firm; piping desigr and draw-
ings sre compleste.

2. Eg!nﬁg;;gng. Foundation drawings for all equipment are
or %ay.

3. %) « Supports for suspended equipment and for
pip ve veen dasigned, ordered and detail drawings
are being completed.

4, §ngg1§131&;ggg. Procurement specifications have been come
pl@tﬁ .

C. Procurement
1. Jaat Coll. Construction compluted as proviousl; ronorted.

2. Pump and Gopopator
a. ngﬁ;gggo P . Delivery of this equipment was made
ou Harc 23. 1955. lianufacturer perfcrmed leak testing
=D
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biimass spectrometer method with satisfactory results.
Thie unit has been set in position in the test coll,

be ﬂgnggglgﬁsggngzgjgg. Performance tq:sts are now being
run ov tne manuiactursr. »livery shonld be made by

o

April 10, 1953.

3, FiAn € This unit was deliversd February 19, 195
" e Proved 1t to ba satisfactory. Fhe Anit bas
been ercctad in positior in the test eell.

5. Int 8t“ck Tyge)s Delivery is

6e « Secamless tubing has been dolivered tc the manue
acturer and the unit is under construction, Shipment
is promised bafore April 30, 1953.

7e !ﬁ]xgai The firast piston oporated type valve was deliver-
ed or March 3, 1953. It has baen leak tested snd found
to be satislactory. The second vslve is now under con-
struction. Delivery is expected before April 30, 1993.

8. ggggg_thigg. The threc check valves were dalivereé on
2 re 3¢ Leak tosting has been completed and has
proven the anits satisfactory in this respect.

9. ghghaggqai En’n. This pump 3s now in the shop. Delivery
8 schean or the end of May, 1953.

10, M%QW. Final drawing ~evisions
are now g made and a quotation being prepared with

materials now beingz procured.
1). ﬁjggg_gggggggg:_geg_ggglig. Purchase order is being pree
pared. ivery 1s promised along with Steam Generator.

12, L%a&zgmgn&;. A1l Indicating, recording and control ine
strumenis, and necec=sary accassorios have besn crdared.
Delivery of some instruments has aslready besn made. Cone
trol instruments, panels, and accessories for the heater
have been received,

Control instruments, panels and coperating switch gear for
the homopoclar generator and the clactromagnetic nump will
be dzlivered with the equipment.
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13. ﬁigsgn_ggnpgngggg. Charge and expansion tanks, cold trvaps,
and cover gas puarification are all under construction.
Piping, fitting, insulation and hsaters are oﬁ hang,

Sengtruction
1. Biping. Ersetion of piping 1s proceoding satisfsctorily.

2. mgmﬁgp, All major equipment for the sodium loop is
now on hand and construction has bogun.

3e HQE_%Q%Q. Construction of the NaK loop will begin after
ccnpletion of the sodium loop canstruction. Final comple-
tion of the NaK loop is dependent on arrival of the heater.

4, Qgs Eugnlﬁ. & 4-inch gas line has been laid te wrovide
] cient naturel gas for the heater,

5e %&gﬁ&iigil_%gigg. Contracts have been let to make addi-
onal electric power availabla at the test cell. It is
axpec.ed that this werk will be completed akout lay 8,

1953.

6. §jgng=gz_agz%;. A foundation and shelter for stand-by
power generators is now under ccnstructicn. Expected
date of completion is Arril 12, 1953,

2eating

1. A%lii:ﬁhﬂlﬂﬁ:%é_ﬂ&*ﬂ. Allis~Chalmers' 1A pump was in-
stalled in a test loop and performance tests run at the
1000 KW NaK conditions. The pump was operated succeas-
fuliy at 130 GPY while delivering 28 1b./sq.in. total
dynamic head at temperatures to 1150°F, The pumg offi-
ciency at these conditicns was 11,47 (this efficiency
s?ou}d b® increased by using a drive motor of proper
81Z8 ).

%ggggnlig_g;gggn;g_gﬁggg;. A water loop was consiructed
measure pressure drop through wvarious piping geometries

and through the components, Pressure drop measurements
wore made through the Griscom~Russell intermediate heat
axcgigger, the lunkenheiner valve and several piping as-
genblies,

felding. Sample welds in type 316 stainless steel pipe
were made to Navy specificetions and examinsd, X-ray ex-
amination ¢ these welds has been comploced and gamnirz
are nov teing examined for metalliargicel defxct:.

2e

3.

~bm s
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&, Eﬁﬁs Arrangemants hﬁve baan m%gcgmytaw FthéR MAT“}N

eimer valve in tho 1A pump loop for performance

tests,
5. Bl « bArrangements have been made to oxli.
ra e NaK and sodium flow metors againsti a watar

calibrated venturi meter in the 1A pum; loop.
6. ﬁhﬂgki%gl*gﬂ. A static loop for tosting the Atwood-
-orrill check valves 1s now under construction.
I1 ENGINEERING

Unit Oparation
This section of the report deals with engineering funda-

mentals where the informetion collected may be applied to the de=
sign of many engineoring unive.

1. Hea% Irangfer

ae %%l2EL&!:I%QD&£E&E§§?BE§£1§2- This work iaz intended
add to Tundamental kneox'ladge of heat transfer in
liquid metale. A correlation of wveloeclity and tempere-
ture profiles will permit a determination of the ratio
of heat cnd momentum diffusivities and consequent re-
tinements in the calculation of heat tranafer coefli-
ciants.

Current work i1s conrncerned with establishing the feasi-
bility of using an adaptation of the E.M, flow meter
to determine the veleceity profile of a liquid metal
stream. Several profiles have been taken on NaK

(56 wt. 2 K) in a 2-inch N.P.S. test section "ndeur
isothormal econditions with a 0.018 in. diamoter probdbe.
A preliminary correlation indicates sgreement to withe
in 7% of Kikuradse's predictions. Future work will
entall more experiments with the velocity probe under
isothermal conditions and the construction of & cool-~
ing loop for making profile measurements under neat
transfeor conditions.

b. Natural C « Natural circulation with ¥ak
wts »» K) 1s being studied on thc shell side of a
vortical unbaffled 19-tube stainless gtsal haol exe
changer (1/8 in, c.d, tubes, 12 in, long, iuside a
1 in. shell). The deata lie below lcAdams correlation(l)

II)EcAdams, Ts Ha, "lHeat Transmission", 2nd Edition, lcGraw-
Hiil Book Co., lnc., New York, N. Y. {194z) p. 243,
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of Fu va. Or-Pr for hors.:?gtal cylinders and agroe
uith Eckert's formulation‘%/ for liquid mstal natural
circulation around horizontal eylinders. Plots of
Stanton number egainst Reynolds number show no changes
in the transgition from tharmal cireulation to fo
eirculation: an E.M. gunp was installed in the nat-
urel circulation loop for thesc studies.

So W ¢« Some interest has besn expres-
hsvior of liquid metals in a coross flow
exchanger, Iniormation on this subject would also be

- of value 4in preficting ths performance of baffled ex-
:gnngera in which cross and parallsl flow are combin-

A nlastic model of the proposed exchanger has desh
mads and will bde used $c vistally atudy the flov chare
asteristics of dispers vanes. This work 1s pro-
ceding under a low priority.

d. Single Tube Sieam Egg;g%e Tha single tube gtaam
gonerator® was origlaaily 1t to test the performance
of the suggested doudble wall tubes to be used in the
1000 XV hsat transfer unit steam generators To date
three tubes have besn tested and a Technical Report is
being written. Sevoral additional cheek runs were made
dur this report period on the sclid wall tube. De-
tail orpation on this experiment may be obtained
from the YTechnical report n 1t 1s 1ssued. Due to
the considerable anocunt of csleulat and rechecking
this roport will not be availabdble until May 1, 1953.

_ The equipment is be modified in order to mske &
1ife test of one of se tubes using the Lark B speci-
fications (temperstura, pressure, etc.). Further de-
1{:41.13 on this latter experiment will be found on page

2. Ihgzngi_ﬁhggs. The thermel shosk apparatus, see next
page, 1s used %o test the ability of various reactor syse
& ecknponsnts to withstand the rapid temg;ratnro changes
anticipated during "scoram operations", The test is made
by guenching heated s eg%mons with 201d NuK. Surlace tem-
perature changasg of 5§o per sacond hsve been obtained
with resulting calculated transient stresscz of 130,000
psi (assaming no plastic flew). Thoe thernmal shoek ap~-

(2)Eckert, E. R, G,, "Transfer of Heat end lass", McOraw-
Hi11l Book Co., Inc. New York, N. Y., (1950) 1p. 198-162.
Bﬁn’.lla, C. Fc' Sp Ce Hmn gnd 5. W, Erlieh, Natural
Convection Transfer Processes, Preprints of saper for
Heat Transfer Symposium at Forty-fourth Annual Heeting
in.Inst.Chem.ingrs. (1991). p76 (1951), - vovwiwll
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paratus has been 1dle since Jannary 4 becesuse of the lack
of specimens., A Mark A tudbe sheat specimen is now being
installed and will be tested during the first half of
April. A tube sheet specimen from Griscom-Russell is
scheduled for delivery April 21, 1953.

zand (Waton-NoK »a ). Although the past work on

zards has bsen of a fundamental nature, the last three
months were devoted to the tasting of a particular geometry
requasted by KAPL., The purpose of the tests has been to
evaluate the hazard, should leaks develop in a heat ex-
changer containing water and ligquid metal.

Two runs have been made, during this report peried, to
determine the results of = resaction between NaK ana water
in thin annular space. The annular space was 0.062% in,
thick and 24 in. long formed by s 1 in. pipe inside a 13
in., pipe. The equipment sat vertical with the seal be-
tween the NaX and Ho0 at the top of the annular spaece.
Bafore the seal was broken the water was at 350°F under
400 psi nitrogen pressure and the NaK at a higher temper-
ature under 200 psi nitrogen pressure. On breaking the
seal the NaK pressure immediately rose to the water rrese
sure; after 1§ hrs. standing, there was no change. Vhen
the water pressure was dropped 20 psi the NaK pressure
followed immediately. If all of the available NeK (loca-
ted only in the annmlar space and the i in. ecnnecting
ﬁipe) were to have rcacted with the water to form NaK
ydroxidea, the »ressure on the system should have gone to
approximately 1100 psi.

“hen the equipment was cleaned the water-Na¥ interface
(this interface was more probably NaK hydroxide-KaK) was
located in the 1 in. horizontal pipe connecting the bot-
tom of the annulus space with the NaK expansion tank.
Since all of the Nak did not rcact and since the maximum
poasible pressure was not reached, the mechanism of the
reaction was probably as follows. The water, under the
higher pressure, started down the annular space on the
broaking of the seal. This water reasted with some of

the NaK, producing both NaK hydroxide and hydrogen and at
the seme time forced some of the NaK back into the expane
sion chamber somprassing the nitrogen cover gas. The prese
guras in both expension chaimbers became equal at about the
time the interface moved into the 4 in. piping. The re-
action came to a standstill at this goint because aither
hydrogen or highly concentrated NaK-hvdroxlide solutlon or
both kept fresh water from contasting additional NakK.
Since the hazard {ests are made in the same testing area
as the single tube steam generator, no plans are teing
made for future tests within the next three months,
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B. Develonment Scbliniiy i u,m-;m. ..

The information covered in this section of tha report deals 1l
vit% thetstatns of the development ~f items such as pumps, instrue
nenvs, oivc.

1. Pumpg

8. i;!gﬁgunng. This section describes E.M. pumps required
operation of axperimentsl loops on this project.
In E.¥, pump design and development emphasis is being
placed on operation at high liquid me%al temperatures
and hprovement in operating efficiencies.

1. ggnigzg%gign. Pour E.M. panps heve been completed
aring 8 quarter,

One 25 GPM, 30 PSI E.M. pump, Conduction type
One 5 GPM, 20 PSI B.M. pump, Conduction type
One 0.5 GPM, 200 PSI E.¥. pump, Conduction type
One 3 GPM, 20 PSI E.M. pump, Conduction t¥pe

The first three pumps are to be used on valve test-
ing loops and the fourth on loop operation above
1000°F., E.M. pumps to be built in the next quare
ter are as fol.ows.

Four 5 GPM, 30 PSI E.M. rumps (Conduction type)
for use with the Lunkenheimer piston operatad
valves now on order. .

One 120 GPM, 30 PSI E.M, pump (Conduction typs)
for full scale tasting of the individual come
ponents of the 1000 KW Heat Transfer Unit:
which are not in use in tho main 1oog.

Five 3 GPM, 20 PSI E,M, pumps (Conduction type)
for use in connection with sludge meters on
the 1000 KW Heat Transfer Unit,

i1. = AeC o The field core end
ee for a 120 » 30 PSI E.M. pump have been
designed and are nov under construction. After
tests have been made on this unit the armature
will be designed and construction of the pump
completed. Recent investigations in E.M. conduce
tion type pump design indicate thst the efficiency
of the pumps designed prior to Fabruary 1732 ean
bYe greatly incroased at some gacrifice of size
ant woight. Redesign, construction and testing
of many of the previous models will b made in
the next quarter.

=8
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111, W An experimental A.C.
action type L.M. pump has been designed

be

and constructed. Tests are now being conduc-
ted using a pumping section having a rectangu-
lar cross section with inside dimensions being
0015 in, x 1.6 in. x 28 in. longo Sevrral
pumging gadtions have been fabricated and each
will be used to determine the flow rate for
different air gaps.

- Solid « The snlid sodium

gseal program was deslghed gather information for the
1000 KV heat transfer unit and to supply fundamental
information. The vurpcse of the test is to design a
seal betwecen a rotating shaft and molten sodium by use

ing the s0lid sodium as the sealing medium.
has been divided into three sections; Fundamental, Gland

Testing and Pump Testing.

i.

ii.

111,

ggngaﬁggggl. A spare drill press has been con-
vorted for quick screening tests of ideas. The
design of the seal housing and sodium containers

has been drawn, approvesd and is ready for con-
struction.

gégng_ggiigne. This section of the program was
starte rst and has furnished the information
to date. A packing gland test was set up and
performance mecasured over relatively long times,
Scdium flovw past the gland was obtained by nate
ural circulation and the temperature and pressure
of the sodium at the end of tho shaft was in &ll
cases 1000F and 12 psi respectively.

Two shaft materials have been used; one stainless
steal and the other mild steel with the packing
area metallized with a Chromium, Boron, Nickel
alloy called Colmonoy, Metco H. The longest run,
before fallure, with the stainless steel shaft
was 170 hours, The longest run with the metal-
lized shaft was 1242 hours and the test falled
due to the bearings rather than the packing., A
report has just beon completed on this phase of
the program and shoul‘' bte ready for distribution
So0lhe

P » A standard pump was convarted for

vse wiuii a 501id sodium seal but upon assembly a

leak was discovered in a flange. The flange seo-
tion has been redesigned for welding.

«9er

The program

]
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teste on all three phasas of the program.

2. Ipatruments

: ae %SE"ELQE'!%ﬁﬂz' The purpose of this work has been
. compare the callbration of an E.M. flow meter obe

be

tained dy physical constants (flux, electrical resis-
tance, and physical dimension measurements) with aectual
calibrations obtained by performance tests using liqe
uid metals at operating temperature. The report on
this phase of the work is awaiting final checking of
the electrical resistivity data on the varicus NakK ale
lggskg;ghigh temperaturs before final decisions and
ches s

This group also calibrates E.M, flowmeters by either
of tho above methods for use on loops within the pro-
ject, The following were calibrated.

i. Two 120C gauss magnets for 1 in, pipe have
been calibrated bty physical constants for use
on the 1life test of the double wall tube loop
{Section II-C-4),

1i. A flow meter tc be uvused on the NaK cooling
stream of the Homopolar Generator was calle
brated by the physical constants method.

Speeial search coils for the E.li. flow meters on the

1000 KW unit have been completed and a thorough meas-
urement of the flux pattern of the 1000 KW unit flow

meter magnets 1is now 4in progress. These measurements
will be completed during the next quarter.

M « An approach to a sludge meter is being
studied with a design in which one side of a # in. o.d.
tubing by-pass will be cooled until the oxide begins
to deposit on the cold wall, Deposition should be ine-
dicatad by a drop in the overall heat transfer coef-

iclent, a change in the flow meter readings at the
entrance and exlt of the by-pass ssction or a change
in tl;e AT acrogs either the by-pass or the cooling

S6CTlonN,

Several successful runs have been performed at an
oxygen concentration >0.010 wt., %#. Lxperimentation

will continue to determine the feasivility ol this da=-
vice for use as a sludge meter at lower oxygen lewel:s,

%&sﬂmum%ﬂe.%mﬁmm- The high tompera-
iire pressure element was designed nrimarily for use
-10- | B :
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with high temperature sodium. The pressure is transe
mitted by a rod in a cooled zone from & diaphragm in
contact with the sodium to a second diaphragm where
the stress is measured by a strain gage. The purpose
of the cooling of the rod is two-fold in that it ell-
minated temparature effect at the gsecond diaphragm and
also acts as a frozen seal should the first diaphragm
rupture. A report on the high tempevature pressure
elament has been written and after slight revision will
be distributed.

The plans for the next three months call for improve-
ments in the design so that the gage can be calibrated

during operation. . Improved design strain gages will
also be tested.

Iﬂnﬁ_&;m. The Vestinghouse-Crane piston
opera valve test was set ug as a test for the 1000 KW
heat transfer system. The valve i3 normally closed by a
spring and is ogenad by pressure acting on a piston. A

test on this valve to temperziures of £50°F wnus reported
last November in Hemorandum Report 24,

Since the last report an E.M. pump has been built to de-
velop the operating pressure of 200 psi. The use of this
pump will replace the method of using nitrogen pressure
vhich was cnnsidered a hazard when high temperaturcs were
1nvg}vegé This pump will soon be installed and the teat
continued. :

mgp_-_sm_i:&ﬁﬁ_ﬁngm This system, see next page,
co.utaing a 500 po supply tan: from which sodium is
pumped through 3 inch pipe past a diffusional cold trap,
the bottom of which is water cooled, and then back into
the supply tank. The purpose is to test a diffusional
cold trap in lowering the oxygen concentration of a fair.
ly large system from some wvalue over 0.010% to as lov a
value as nossible, The results from such tests would aid
in the designing of a diffusional cold trap of a size
suitable for SIR,

Two tests have been run and a third test is in preogress.
Ths first two tests were unsuccessful inasmuch as the final
oxygen concentrations were approxizstely 0.01095 and 0,008
respoctively. During the firat teast pun (7 days) 1t ia
believed that the connecting pipe between the cold trap

and the main loop became plugged. A better heating element
was placed on this pipe for the sesond test (20 days) but
did nct improve the parformance.

At the end of the second tTest, the loop was drained and
the cold trap washed out,

-11- RGN
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The third test has been rumning for ig days. The initisl
oxygen concentration was approximately 0,013%. The last
seven samples have shown an aversge scncentration of
0.008%. Ths cold trap tnmperntnre is egproximate ly 200°F
et its bottom and the main loo gi Some doubt has
bran expressed as to the reliability of these results
since the oxygen sample ma{ not ba representative of the
pot becsuse the agltation loop was not working and a fore

aign matorisl was found flcating on the surface of the
sodium. Tho agitation loop 1= being repaired with the gd-
dig:gnlog a sanpling tank and further tests have besn

8¢C Uled e

are, Enough engine
aS begn pe e design of a small
compaet unit to maintain the oxygen content ¢of the atmose
Rgere in a specified chamber as low as 5%. These tests
beve bagn completed and a first draft of the report has
an MmaQe .

Baged on the optimum operating conditions of the 100 psi
and 2 cfr obtained from these tests, a new Salcomine unit

:asxggiignnd to mest the following conditions submitted
vy .

i. Maintain & 5% oxygen atmosphere with 0.1 ofm air
loakage to chamber,

11, 60 - 90 day life on Salcomine.

This unit 4s rcstangular in shape, 15-5/8 in. x 11 in. x
8-5/8 in. and capable of holding 10 lbs. of salcomine
packed on ths shell side, with nater flowing through the
tudbes for temperature control of the bed.

The assembly drawing of the unit was completed and the
unit is bveineg fabricated by the Griscom-Russell Co, A
suitable piping design has also besn completed for the
allotted space of 2 £, x 2 ft, x 4 ft.

The new Salcomine unit will be tested along with the come
petitive Balter wnit suppiicd by KAPL. Conditions of the
test will approximate Mark A eonditions as nearly as pose
sible. The present firefighting chamber ( volumo 4000 cu.ft.)
will bs used and fitted with a metered "leak", Data will
include the time to reduce tho oxygen from 7% to 5% and

the eoffect of humidity. Any additlonal t23ts required can
be detormined in the future.

Orerationsal
The information to be found in this section deals with the

life testineg and the performance testing of equipmeni, insulation,

ate.

w'll‘
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. 1. In;nzgsggn. On October 18i 1952 the SIR Mark A insulaetion

2e

wae chosan, At this time it was decided to make g few ad-
ditional tests on the insulation as supggiad by Johns-Man-
ville for kark A. Meterisls for these tests are not yet
available, but plans are being made to run the follow

six tests to check tlie reaction betwesen 850°F sodiunm a

the thermal insulation.

Test leak Size Compartment Atmogpheras

Dianeter 0o (bal. Wp)
n.

1/16 20
1/16
1/32
1/32
1/64
1764
Qg%gg&ignﬁgﬁgzg_nggﬂz. An effort is being made to de-

valop an E.Y. pump to oparate at 1500°F so that pumps of

um
this type may be used to test other components at tﬂis
high temperature.

(- ) SN S S VO N
WM W W Wi L

Previous fajluros to develop such a pump were due tc fail-
ure of the bus bars to adhere to the pumping section at
elevated temperatures. However, this problem has been

solved by Kicrobrazing solid nickel bus bars to the stain-

less steel pumping sections., A4ifter 400 hours of operation
at 15000F, of which the last 300 hours were continuous,
twe electrical immersion heaters failed but the pump pere
formance did not change and mechanically it appears as
sound as initially. The loop will be modified so it can
be heated extornally and will be operated continuous

at this elevated temperature for a rericd of from 3C to

60 days. After the pump has proven its operstional abil-
ity, other components can ba tested at these high tempora-
tures, 1i.e., valvus, heat exchangers, etc,

3e L&:§EIQQ§_E_25¥QK_E§%;. This loop was shut down eud draine
e st fall asfter years operation as a natural eircula-

tion heat transfer system. Low priority has prevented dis-
mantling the system. It is planned to cut out the piping

under an inert atmosphere and examine the pipe sections for
evidence of aither corrosion cr deposits. Any deposits will

~13=
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be removed and snalyzed chemically. Sections of the pip-
ing will later be examined metallurgically.

-5 + The equipment used for the
s e tube steam experiments 1s being modified into a
1ife tost of a two tube steam generator for KAPL to prove
ths tube design.

Pigure 1 shuws a flow sheet for the life test., The o
change in the E:imary loon is the steam generator and t
addition of a heat exchanger in the NaF. stream at the
point where the NaK leaves the furnace. The seccndary
loop is the stsam pgenserator NakK inlet temperature control.
The temperature required at thermocouple 4 on the primary
loop will control the flow from Pump 2. The NaK-air cool-
er will operato at full load at all times.

The life test consists of a number of temperature shocks
of the following pattern.

ae The temperature of the NaK ontering the steam generator
at normal conditions will be 820°F. At fifteen minute
irtervals the temperature will be changed over a 30
socond time period from 820°F to 700°F where it will
be held for 144 minutes, then back to 820°F and held
for l4¢% minutes for e total of 1000 cycles, These cone
ditions will de controlled antomatically by the use .
of the secondary loop. During the te:gérature change
period the Hak flow rate will vary with temperature
from 100 to 20% Tlcw, At the snd of every 5 cycles
heat transfor data will be taken.

b, After 200 cycles have baen completed at condition "a®,
condition "b" wiil bs interpcsed at regular intorvals
for a total of 20 shocks, This test calls for 3%““"
ing the intitial NaX inlet temperature from B850°F to
6509F in 2 seconds, This will be accomplished also
with the use of the secondary NaK system,

ce Four times during ths 1000 eycles required by conddi-
tion "a" the inlet NaK temperature will be changed
from 850°F to 1400°F over a periocd of five mimutes.
The change will be accomplished by dropping the flow
rate in the primary NaK loop.

de Four times Guring the 1000 eyeclas program the 1nlegF
NaK terperature will be changed from 850°F to 1080
over a geriod of 60 seconds, This change will be agc=
:omplis ed by dropping the flow rate in the primery
OCDe
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8. Four tinrs during the 1000 cycles the inlet NaK teme
porature will ba charged from 800°F to 1400°F over a
poriod of 60 seconds, This change will also he accom-
plished by dropping the flow rato of the primary loop.

The conditions set in seetions b, ¢, € and & will be held
for a period of 15 minutes and rsturned to normal over
the sane time interwval that produced the original change
‘at which time heat transfer data will be taken.

The steam genaratsr and the NaK to air cooler are sched-
uled for delivery by April 10 1223. All other major
itoms have heen received and ins lled. Operation will
sommence as soon as the steam generator ean be leak teste
ed and installed, allowing three or four days to adjust
the controls.

II1 CHRMISIRX

Ao lmpurities

Since the presence of iron in the sodium in stainless steel
systems may be undesirable, the behavior of iron in sodium is be=-
ing invegstigated as a func%ion of oxygen content, sodium tempera-
tures and culd trap temperaturs,

Ay oOn 21N1888 o
y8 be present in rels arg

loss stesl cold trap residues, but it is possible some
of tho iron was the result of oxygen accolerated corros-
jon in tho cold trap. To detormine the extent of iron
migration from a stalnless steel loop to a e¢old trap, a
nickel cold trap was put on a stainless steel system
vhers the oxygen content of the sodium in tho sygtem was
0,005 wt, s The loop 1s being operated at 0OO“F with
no oxygen additions, tho cold trap holding the oxygen
lovel at 0,002 to 0,003 wt. %. Analysis of the cold trap
contents will indicate the magnitude of iron transfer at
low oxygen levels with the assurance that, any fron will
have come from the stainless steel loop.

2. Static N w « The behavior of ircn
n sodium is also ng studie static nickel pots
having # in. NPS cold traps 10 in., long. Iron and oxygen
concentrations are followed as a function of the cold lag
temperature.

«15-
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Datz goiman:i thus far are presented below,

Pot #1 “Pot £2

Wt.% O jppm Fe E%;!m Wt.% 02| ppm Fe o!e . °r° |

0.022 | 19 830 930) 0.9121 10 76% {980
Cooled cold leg for 24 hours.
0,003 | 10 200 1920 0,003§ 10 250 {050

Reheated cold leg
0,014 | 23 | 875 |965] o0.007f 8 | 80 poro
0001«! cold leg
' 0,003 | 8 |760] c.003| 7 | 220 815
: Rehuted cold leg
0.007 9 |9ael 0.005 7 810 |[99%

Agide from the firast cysle there was no raturn of iron to
the pot and less veturn of oxygen sach time the cold leg
was rehvated, No iron had been edded to the tg:ta

fnrgod

orly source of iron being that which was in
sodium,

Bassd on these results it may be concluded that (1) iron
is initizlly vemoved hy - eold trar Wt iron will not cold
trap to values below app 1{ pra when the oxygen
content of the sodium a m and (2) cold tra iron and
g:qgon will not return completely to the main y of sode
e

ture work will entail the determination ¢f iron concen-
tration in sodium uider controllad oxygen conditions both

mta pumped nickel loop (loop E) and in the statie nioke
pote.

W. The stainless loop with '‘a nickel
co rap (descr pert 1. of this section) has boen
running at an oxygen level of 0,002 Yo 0.003 wt. % ror two
monthe, an idesl situnatlicn for the determination of iron
solum.-hty at low oxide content. The loop temperature

was 4Aropped from 1000° to 405°F in steps and iron
sanp;les taken after 24 hours at each temperature; <¢he

data appears on the naxt page.
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rature | ppm Fe | Cold Trep |
Looyp i‘anpg;sturw
oy
1000 13 190
820 9 170
605 8 165
3%0 6 170

B. Ascesaibility

b B

W. The migration ¢f stainless steel compone
onts theansh godium is of concern for acoess to Mark A
and B componsnts, Radicactiwve sources of 34 staagless
stesl have been inmerssg in fico sodium at 800'F doth
with and without a 230°F AT arcum: the loop. The velo-
eity of the sodium varied from 0,2 to 2 ft/seco. and the
cxygen content was 0.007 wt. S,

Using a source wihich was six months old, the contamina-
tion around the loop initially rose to 20 cpm above bseke
ground, with 100 ecpm (G.k. tube uncorrected for guometry)
at the le sits., Further immersion produced nc addi-
tions) contamination, nor was there any significant lotals
ization of contamination.

Under conditions as described above, with a three month
old sample the count rate rose to 1‘0 apm around the loop,
the riss oecsurring within 24 hours after immersion. There
was no Jurther contamirastions Then received this sample
woeg covered with sodium and contaminated with fission -
products. The sodium and fission products were removed

as conpletelz as possible with alcohol, water and acid
washes, but 1t is conceivadble some rission products were
absorbed into the stainless sample. Sodium samples taken
from the loop showed high 4 activity,

A atainless stcel strip (type 347) is be irradiated at
BNL and should be svailable wi tvo months, EBxperi-
ments are plsnned ¢to investigate the effect of oxygen on
mass transfer. An attempt will be made to determine more
accurately the sxtent of mass transfer and a cold trap

will also be used to investigate localization of contam-
inants.

- 17-
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» MBA wes agked KAPL to oconsider the
!eus!ﬁ.....“% of bullding s model of ¥ork 2 heat exchange
systen to scale in conjunction with £LiPLts con-

siderations of the zame experiment. The model was to be
used for mass transfer experiments, unds: Mark A& conii-
tions and especially under the same soometiric »atios as
axists between lMark A comporuntz. After coms...ration
of the dats furnished Ly L it appeared that construce-
tion and ration of the Model would not completely sat-
all the requirements end therefore the duta collected
wonld be ino aste, It was recommended that separate ex-
mﬂunts evaluating all the factoras to be considered in
Mark A model, would farnish information which wonld

elzse be applicable to future systems as well as to Mark A,

C. . Corzealan

Various metals have been
o8 ak a or 500 hours with oxygen samples
be taken beforo and after sach test. These sts were
*un conjunotion with the 1000 KW unit and basic research.

Anr inconel specimen, after be tested, showed a 3% weight
gain and was found to ve magnetic. The stainless steel
specimen holder (1/16 in, rod) had also become corrocded
and magretic. The O content varied from 0.028 to 0,107%.

dasther inconel specimen was tested under similar condi-
tions exsept that the aspparatus for this test contained

a8 cold trup vhick was used to maintain the en content
at spgroﬁ.mtely O. e The resulis of this test showed
that the specimen had a 0,02% weight loss with ro sign of
being masnstic,

At theo present time a test is being run on a specimen
congist of two different types of metals tﬁaadeﬂ to=

gether, metols are stall 6 and type stainless
steel, Thiz spacixs.: wil) be tested for gal after ex-
posure to NaK at 1000SF for 500 hours. teat mill be

completed April 1.
A reoport is being written on the results of all specimens
tested to date.

A op X . rosiop. Various materials sult-
adle for electrica sulation have been exposed to NaK
at temperatures of 250 and 300CF, Thege tests have varied
in length from 2 weaks to 6 months. These tects were run
in order to 2id in the design and oparation ¢f the homoe
golar generator for the 1000 KW unit. The six month and
hree month tasts on nyion rod, molded nylon, Butyl and
Buna S are completed. The results of these tesis will
be reported in s memcrandum report. It 1s believed that
thess last two tasts rinish the Blectrical Insulation Core
rosion program.

Akion Co;
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VISITS AND CORFERENCES

Subjesct
Accessibility
Life Test of
Duplex Tude

1iquid Metal
Tachnology

Losation Perties Involved
NRL, Uashington, ¥RL, Q-E and M3A

uSA, Callery, Pa G-R, NRB and MSA

M5A, Callery.Pa. Detroit-REdison,
ONR-Pittsburgh
and MSA

Oxygen Content Con-NSA, Callery,Pa. G-E and MSa

trvlled Ataosphere

Heat transfer
Components

Fagzard Test
HoO-NaK Reaction

Liquid Metal
Tachnology

Heat Transfer
Components
Inaspection

Heat Transfer
Componentcs

N8A Progranm

E.M and
Soaep P here-

Heat Tran: for

MSA, Callery,Pa. G=R, G-E and HSA
G-R, Magsilion,
Ohio

G~E, Schenegtady G-E and HSA
Rew York

¥SA, Callery,Pa. California Research

& Devolopmant and
: MSA

M8A, Callery,Pa. NRB and M3A

¥SA, Callery,Pa. CommonwealthwRdisrr,
Chieago, AEC, Chicago
and M5A

MSA, Callery,Pa. NRB and MSA

Vaestinghouse and MBA

G-R, G-E ang MBA

Vestinghouse
Pittsburgh, Pa.

IBA. c‘n’ry‘pat ARL and MSA

Component.
Vielding MSA, Callery,Pa. BuShips and MSA
Steam Gensrator ¥SA, Callery,Pa. G-R and KSA
Inapection MSA, Callsry.Pa. lO[sm:-Pittsburgh and
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18. 3+18-53 Steam System
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MSA, Callery,Pa. HRB and MSA
KRB, Vashington, KRB

Testinghouse

G-R, G-B
BuEfaips ;nd MSA

Wostingh>use amd

Homopolar Gensra- Pittsbhurgh, Pa. MSA

tor
20, 3-27-%3 Review

21, 3«27-%3 Steam Gensrator
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BSA, Callery,Pa. ONR-New York

OXNR-Pittsburgk and
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M54, Callery,Pa. G-R and NSk
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Contract N9onr-85801
Date Type Title Aunthor
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Decomber, 1952

2-27=53 Nemorsndum neport Report 4 X, M, 8hrut
No, 2 on msmpo R, 4. Tidball
. Apparatus

2~27=53 Memorandum Report Feasibility of Model J. W, Mausteller
No. 27 Operation for Mass N, J. NeGof?f

4 mram mmsaP puowRwp St

-

Transfer Experiments
: 3J=3=53 Intorin Report * Interim Report R. Co Varner,
No. 1 Janu p § Fedruary ot.al.
1%, 1953
3=9-53 Technical Raport Removal of Ra,0 froz E. F. Batutls
Fo, 21 a NaX System Using a 8. L. Walters
! Natural Circulation Je We Mausteller
§. Cold Trap
‘ ~11e53 Nemorandum Report Preliminary Rsport 3 R. C. Andvews
3 % No. on Analytical g B. C. King
3=12-53 Memorandum Report plmt:lon of Je VW, Haustaller
No. 29 001d

a
Aecenibiuty Problen

* Previously called Honthiy Report; now 1uuod between Stctns
Reports.
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VI DISTRIBUTIOR OF PERSONNEL

100G KV HEAT TRANSPER UNIT

A. Dosgign - R. A. Tidbal}, F. L. langold, M, M. Shrut
D. R: BO.]-.’%:) and S, N, Tﬂhrla’ ’

B. Engineering - J. M. Lewis, P. J, Haughey amd J. K¢
Richter

C. Prooursment - J, M. Lewis, V. J, Reed and J. K. Richter

D. Construotion - J. M. Lewis, ¥, G. Mann and J, K. Rienter

Z, Testing - R, A. Tidbal* M. ¥, S8hrut, P, L, Mangold and
. R, Bosley(l)

EEGINEERING

A+ Velocity-Temperature Profile - J, W. Mausteller and

R. H, Rahiser

‘B. Natural Cireculation - J. W. Mgusteller and M, J. EcGof{
'c. Cross Plow Fvchanger = gs We gutallor and J. N¢

D. 8ingle Tube Siasam - E, C. King and R, C. Androws
B. Thermal 3hock -~ R. ~- Tidlall and M. M, Shrut

F, Hasards (Wetzr-%aK Puaction) -~ E, C. King and R, C,
Andrews

G. E.M, Pumps « M, &, Wahl
1. Constructicn - G. E. Meeker, Jr,
2. Design « 4.C. Cordustion - ée H. Vahl and G, E,
¥~zkker, Jr,
3. Design = A,C. Induction - R. . Baker

(1)on 1can from Griscom-Russeil Compar.
(2)0n loan from Vestinghouse \mpany
(3)on loan from Biaw-¥aox Divislon
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Mechanical Pumps - Solid Scdium Seal - E, C. King and
V. K. Hoekel

BsM, Flow Meter - M, H, ¥ahl and J. R. Taylor
Sludge Meter - J. V. Mausteller and J. N. Gordon

High Temperature Pressure Glemerit - E. C. King and
V. Ko Hackel

Valves - Piston Operatsd - E. C. King

Cold Trap ~ 500 Pound System = E. C. King and R. C.
Andrews

Selcomine - Oxygen Control Atmosrhere - E. C. Kirg art
e Milich

Insulation « R. A, Tidball
Oporation Above 1000°F - M. H. Vahl and G. B. Neek:
Lifs Test - Thick Viall = R. A. Tidball

Life Test - Steam Generator - E. C. King and R, C.
Andrews

11l CHELISTRY

Re

B.

C.

D,

E.

F,
G.

————
—

Nickel Cold Trap on Stainless Steel System = J. V.
Mausteller and S. J. Rodgers

Static Nickel Pots With Cold Legs - J. Vs Laustellsr arwi
S. J, Rodgersa

Iron Scitbility in Sodium - J. V. Mausteiler and S. J.
R>dgers

Mass Transfer - J. V, Mausteller, E. F. Batutis and
J. N, Gordon

¥Yark A, Model « J. V. Mausteller, U, J. Lcloff and
J. N. Gordon

15009F Unstress Corrosion - 5. C. King and R. C. ~ndrevs

Bleetrieal Insulsztion Corrosion - E, C. King and R, C.
Andrews
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